Introduction {#s0001}
============

Cytokine release syndrome (CRS) is a systemic inflammatory response caused by drugs, autoimmune diseases, and infections; it is characterised by fever, multiorgan dysfunction, and, in a rare case, crystalline arthritis (Chung et al. [@cit0003]; Moore and June 2020). Laboratory results show elevated inflammatory cytokines such as interleukin (IL)-2, IL-6, TNF-alpha, and nonspecific markers of inflammation such as C-reactive protein (CRP), ESR, ferritin, fibrinogen, and D-dimer. CRS is commonly seen in severe cases of Covid-19. Elevated ferritin, CRP, and IL-6 are suggested as predictors of respiratory failure and fatality (Moore and June 2020; Zhang et al. [@cit0029]). We report a patient with CRS associated with Covid-19 infection and a new gout flare following resolution of respiratory symptoms.

Case description {#s0002}
================

A 42-year-old non-smoker man with no prior medical history presented to our clinic with fever, dry cough, myalgia, weakness, and sore throat beginning 3 days earlier. His vital signs were normal except for a fever of 38.5°C. He had an oxygen saturation level of 94% while breathing ambient air. The physical exam revealed scattered bilateral crackles on auscultation and was otherwise normal. Laboratory results and reference ranges can be found in [Table 1](#t0001){ref-type="table"}. In brief, white blood cell (WBC), hemoglobin and platelet count were normal. He had a slightly elevated C-reactive protein (CRP, 15 mg per deciliter), erythrocyte sedimentation rate (ESR, 12 mm per hour), and Ferritin level was normal (254 ng per milliliter). Two sets of blood cultures and a urine culture were sterile. A nasopharyngeal swab PCR was negative for all respiratory viruses except Covid-19 (positive on two occasions 24 hours apart). Chest computed tomography (CT) revealed bilateral basilar ground glass opacities ([Figure 1](#f0001){ref-type="fig"}). The patient was started on oseltamivir 75 mg twice a day and hydroxychloroquine 200 mg twice a day for 5 days. Respiratory symptoms improved 5 days following his presentation. However, fever, fatigue, and loss of appetite persisted.Table 1.Laboratory results.VariableReference range, adultOn presentationDay 10, prior colchicineDay 24, after colchicineSodium (mmol/liter)136--148142144141Potassium (mmol/liter)5/3/20053.84.44.3Creatinine (mg/dl)0.9--1.311.40.86Urea nitrogen (mg/dl)Sep-21162414Aspartate transaminase (u/liter)\<37184124Alanine transaminase (u/liter)\<41327650Alkaline phosphatase (U/liter)80--306199320201Ceatine phosphokinase (U/liter)39--308110186140Triglyceride (mg/dl)\<200138142xUric acid (mg/dl)3.6--8.278.87.3White blood cell (per ul)4000--105009400101007100Neutrophiles (%)40--8067.67546.8Lymphocytes (%)20--4021.62142.7Hemoglobulin (g/dl)13.5--17.515.514.514.9Platelet count (per ul)150000--350000282000407000379000C-reactive protein (mg/liter)\<61562undetectableErythrocyte sedimentation rate (mm/hr)0--10127510D-dimer (ng/ml)\<500x7123530Ferritin (ng/ml)30--4002543200446.5Fibrinogen (mg/dl)150 − 400x520340Lactate dehydrogenase (U/liter)\<250x1200138Interleukin-6 (pg/ml)\<6x715[^1] Figure 1.Axial CT image at presentation shows bilateral pleural-based ground glass opacities.

On day 10, the patient experienced a stabbing pain in his right first metatarsal joint. This was associated with warmth and severe tenderness on the region, however no erythema or edema was apparent. Off note, the patient had no history of gout until this presentation.

This presentation was associated with a fever of 40°C with shaking chills, headache, severe myalgia, and a decrease in his urine output. On physical exam he had a blood pressure of 118/72 mm Hg, pulse rate of 95 beats per minute, and respiratory rate of 14 breaths per minutes with a normal oxygen saturation while breathing ambient air (95%). Lung auscultation was normal. Laboratory tests showed mild acute kidney injury (Creatinine, 1.4 mg per deciliter), leukocytosis (WBC, 10,100 per cubic millimiter) with a neutrophil count of 75% and a lymphocyte count of 21%, and thrombocytosis (platelet 407,000 per cubic millimiter). Other markers of inflammation were elevated as well: CRP (75 mg per deciliter), ESR (62 mm per hour), ferritin (3200 ng per milliliter), fibrinogen (520 mg per deciliter), lactate dehydrogenase (1200, LDH) and D-dimer level (7123 ng per milliliter). IL-6 level was elevated to 71 pg per millilitre. Liver function tests showed slightly elevated liver enzymes. Uric acid was as high as 8.8 mg per deciliter (normal on routine laboratory tests performed prior to the initial presentation). Blood and urine cultures were negative. Nasopharyngeal swab was again positive for Covid-19, and a repeat chest CT showed significant improvement in alveolar infiltrates ([Figure 2](#f0002){ref-type="fig"}). A bilateral lower extremity doppler study did not show any deep vein thrombosis.Figure 2.Axial CT image 10 days later shows improvement in previously noted lung infiltrates.

Based on clinical and laboratory findings, a diagnosis of cytokine release syndrome associated with Covid-19 infection was made. Due to the lack of respiratory symptoms, improvement in lung infiltrates on imaging, and the patient's refusal to be admitted to the hospital, he was started on oral colchicine at a dose of 1 mg twice a day with intravenous and oral hydration at home. Following 48 hours of therapy, the patient had a notable clinical improvement. He became afebrile, urine output returned to normal, regained his appetite, and had no more toe pain. The colchicine was maintained at a dose of 1 mg once a day for a total of 14 days. At the end of colchicine treatment his nasopharyngeal swab became negative at two consecutive occasions. His WBC, platelet count, LDH, ferritin, fibrinogen, D-dimer, IL-6 and uric acid levels all returned to normal range. ESR declined to 10 mm per hour and CRP was not detectable. He became symptom-free and was able to stop self-isolation.

Discussion {#s0003}
==========

We suggest this patient experienced a late onset mild CRS presenting with a monoarticular gout flare. The constellation of clinical and laboratory findings and the absence of alternative etiology makes this diagnosis very likely. In this patient, respiratory symptoms preceded and improved prior to the onset of a systemic inflammatory response.

The inflammatory response secondary to mild CRS likely resulted in hyperuricemia and eventual gout flare. The clinical picture with high fevers, shaking chills, myalgia, severe weakness and acute kidney injury associated with significantly elevated inflammatory markers (such as fibrinogen, LDH, D-dimer, ferritin and IL-6) is not compatible with a simple gout flare (Cavalcanti et al. [@cit0002]). The normalisation of uric acid levels after colchicine therapy without the introduction of uric acid depleting agents also supports this notion. Although an arthrocentesis was not performed, gout flare seemed the most plausible etiology. Other less likely etiologies for an arthropathy are septic arthritis and pseudogout, both of which do not fit the clinical presentation of this patient.

Polyarticular gout has been reported in CRS following chimeric antigen receptor T cells (CAR-T) therapy, such an association has not been reported in CRS secondary to viral infections particularly with Covid-19 (Chung et al. [@cit0003]).

Whether the fatigue and myalgia were a consequence of Covid-19 or elevated IL-6 levels, both symptoms alleviated following colchicine therapy (Coaccioli et al. [@cit0004]; Vittori et al. [@cit0026]).

Tocilizumab (inhibitor of IL-6 receptor), intravenous immunoglobulin, and corticosteroids have been suggested as treatments for severe CRS.(Zhang et al. [@cit0029]) IL-6 serves as an important mediator of CRS released by the activated immune cells and its elevation is associated with Covid-19 progression. Treatment of Covid-19 patients with tocilizumab leads to suppression of IL-6 levels and its off-label use has shown a reduction in Covid-19 symptoms.(Xu et al. [@cit0028]) Tocilizumab is undergoing a phase 3 clinical trial at this point. This medication is however expensive, requires hospitalization for intravenous administration, and is associated with secondary side effects. Due to outpatient management of this stable patient, lack of access to tocilizumab, and active infection (ongoing positive nasopharyngeal swab for Covid-19) precluding the use of corticosteroids, we considered colchicine as a non-immunosuppressive therapy. Colchicine is a safe, oral anti-inflammatory drug that is widely used in systemic inflammatory diseases such as acute gout, familial Mediterranean fever (FMF), pericarditis, prevention of recurrent cardiac events, and other auto-inflammatory disorders (El Hasbani et al. [@cit0012]; Imazio et al. [@cit0016]; Ostrov [@cit0020]; Pascart and Richette [@cit0021]; Tardif et al. [@cit0023]). In autoinflammatory diseases similar to CRS, proinflammatory cytokines mainly IL-1, IL-6 and TNF contribute to the pathogenesis. Additionally, Colchicine is a first line treatment in acute gout flare (Hausmann [@cit0015]).

Colchicine exhibits its immunomodulatory effect by inhibiting microtubule formation and interfering with the inflammasome complex in immune cells (Molad [@cit0018]).

The use of colchicine in this patient not only alleviated the gout flare but also resulted in the regression of all clinical symptoms and inflammatory markers. We indeed hit two birds with one stone.

Colchicine use in CRS, particularly Covid-19 associated CRS has not been previously described in the literature. Interestingly, recent randomized control trials are now investigating the potential beneficial effects of colchicine in covid-19 such as shortening the hospitalization rate, decreasing the risk of mechanical ventilation, and cardiac injury. In support of the potential preventive effects of colchicine, a recent case report has described a patient with FMF on colchicine who presented with Covid-19 but only exhibited mild symptoms (Kobak [@cit0017]).

Off note, the two off-labelled medications used at the presentation of the symptoms, oseltamivir and hydroxychloroquine, have both shown no additional benefits in follow up clinical trials (Boulware et al. [@cit0001]; Geleris et al. [@cit0013]; Wang et al. [@cit0027]).

This observation merits the consideration of colchicine as a safe, inexpensive and oral medication for the treatment of mild to moderate CRS in Covid-19 patients even in an outpatient setting. More importantly, in Covid-19 patients with early lung involvement colchicine may be an appropriate candidate to prevent CRS in adjunction with routine antiviral agents.
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